In many cases, traditional Chinese herbal (Kampo) medicines have been used in the empirical treatment of chronic hypofunction. In recent years, some Kampo medicines used to treat those experiential gastrointestinal diseases have been elucidated pharmacologically from the viewpoint of gut-regulated hormone levels. Among these medicines, Dai-kenchuto increases gastrointestinal motility and relieves bowel obstruction. These effects were reported to cause significant increases in the levels of motilin and vasoactive intestinal peptide (VIP) in human plasma.
Generally nausea or vomiting is caused by stimulation of the vomiting center located in the medulla oblongata. Vomiting is subclassified into central vomiting and reflex vomiting. The former is caused by brain hypertension (e.g. cerebral tumor, subarachnoidal hemorrhage or meningitis), stimulation from a labyrinth, vestibule or cerebellum (e.g. motor sickness and Meniere's disease), mental stimulation from the cerebral cortex (e.g. unrest, hatred, hysteria or depression) or stimulation via the chemoreceptor trigger zone (CTZ), which receives drugs (morphine, alcohol and anticancer drugs etc.), abnormalities of the metabolic or internal secretion system, bacterial toxins etc., and transmits these stimulations to the vomiting center. The latter is caused by stimulations via afferent nerves from the tongue, pharynx and internal organs (i.e. diseases related to the digestive system). Especially, vomiting is promoted by conditions that slow gastric emptying. CTZ has a dopamine D 2 receptor and a 5-hydroxytriptamine (serotonin) 5-HT 3 receptor. These receptors are also located in the stomach or intestine, and they are assumed to regulate gastrointestinal motility. 8) One of the gastrointestinal motility regulatory factors on empirical effects has been assumed to be the induction of changes in the levels of peptides (gastrin, somatostatin, motilin and VIP) in plasma. Itoh et al. reported that cisapride, a dopamine D 2 receptor antagonist and nonselective serotonin 5-HT 1,3,4 receptor agonist, raised plasma motilin, gastrin and somatostatin, 9) and mosapride, a selective serotonin 5-HT 4 agonist, raised motilin and gastrin. 10) On Kampo medicine, Nagano et al. investigated the effect of Daikenchu-to on gastrointestinal peptides, 1, 2) and Naito et al. also reported the effects of some Kampo medicines on gastrointestinal peptides. [4] [5] [6] 11) On the gastroprotective function as a neural emergency system, sensory afferent neurons in the gastrointestinal mucosa regulate neuropeptide (calcitonin gene-related peptide (CGRP), and tachykinins (substance P etc.)) levels and play various physiological roles. 12,13) Naito et al. have reported effects of Pinelliae Tuber and Zingiberis Rhizoma extracts, which are included in Sho-hange-kabukuryo-to, on plasma CGRP and substance P.
14)
The purpose of this study was to determine the effects of Sho-hange-ka-bukuryo-to on plasma levels of gut-regulating peptides (gastrin-, somatostatin-, motilin-and VIP-immunoreactive substance (IS)) and gastrointestinal mucosa regulatory neuropeptides (substance P-and CGRP-IS) in healthy subjects.
MATERIALS AND METHODS
Materials Sho-hange-ka-bukuryo-to (EK-21, lot 1XC31), prepared as a 1.7 g dried powder extract of Pinelliae Tuber (6.0 g), Zingiberis Rhizoma (2.0 g) and Hoelen (5.0 g) was kindly supplied by Kanebo Co., Ltd., Tokyo, Japan. The placebo was an additive of the above formulations alone.
Synthetic human gastrin I (G17), somatostatin, porcine motilin, VIP, human CGRP and its fragment and substance P were purchased from the Peptide Institute (Osaka, Japan). Fragment mini gastrin I was purchased from Sigma Chemical (St. Louis, MO, U.S.A.). Motilin and VIP fragment peptide were supplied by Professor H. Yajima. (Kyoto University, Kyoto, Japan). Antiserum to gastrin (A600/R1B), VIP (A604/R1B) and CGRP were purchased from Biogenesis (Poole, U.K.), somatostatin (RA-08-108) and substance P (RA-08-095) from Cambridge Research Biochemicals (Cambridge, U.K.), and motilin (Y121) was from Yanaihara Institute (Shizuoka, Japan). All other reagents were of analytical reagent grade from commercial sources.
Subjects Five healthy male volunteers (nonsmokers), aged 24-29 years (median 28 years), 55-68 kg (median 62 kg), participated in the study. Each subject received information on the scientific purpose of the study and gave written informed consent. The study was approved by the ethical committee of Oita Medical University. The subjects did not receive any medication at least one month before the study, and fasted for 2 h before the study commenced and during the experiments.
Study Schedule Sho-hange-ka-bukuryo-to or a placebo at a dose of 6.0 g, were administered orally with 100 ml water. Each subject was administered these drugs at an interval of one month. The dose of Sho-hange-ka-bukuryo-to in this study was the maximum daily dose in clinical therapy. Venous blood samples (10 ml) were taken from a forearm vein before and at 20, 40, 60, 90, 120, 180 and 240 min after administration of the drug (eight times). All subjects ate lunch at 11:45-12:00, and the study was carried out from 14:00 until 18:00.
Enzyme Immunoassay (EIA) of Gastrin, Somatostatin, Motilin, VIP, CGRP, Substance P The blood samples were placed in chilled tubes containing 500 kallikrein inhibitor units/ml of aprotinin and 1.2 mg/ml of EDTA. After centrifugation, plasma samples were diluted five-fold with 4% acetic acid (pH 4.0), and loaded onto a C18 reversedphase cartridge (Sep-Pak C18; Millipore Corp., Milford, MA, U.S.A.). After washing with 4% acetic acid, plasma peptides were eluted with 70% acetonitrile in 0.5% acetic acid (pH 4.0). Elutes were concentrated by spin-vacuum evaporation, lyophilized and stored at Ϫ40°C until assayed. The recovery of plasma gastrin-, somatostatin-, motilin-, VIP-, CGRP-and substance P-IS was Ͼ90% with this extracting procedure (data not shown).
EIA for gastrin, 15) somatostatin, 16) motilin, 5) VIP, 17) CGRP 18) and substance P 19) were performed as previously described. The assay was performed by a delayed addition method. Separation of bound and free antigen was performed on an anti-rabbit IgG (55641, ICN Pharmaceuticals, Inc., Ohio, U.S.A.) coated immunoplate (Nunc-Immuno Module Maxisorp F8, InterMed, Denmark). The fluorescent product 4-methylumbelliferon was measured with an MTP-100F microplate reader (Corona Electric, Ibaraki, Japan). Mini gastrin I, human somatostatin, porcine motilin, fragment VIP (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) , human CGRP (8-37) and substance P were conjugated with b-D-galactosidase (Boehringer Mannheim, Mannheim, Germany) by N-(e-maleimidocaproyloxy)-succimide, according to the method of Kitagawa et al. 20) The EIA for gastrin, somatostatin, motilin, VIP, CGRP and substance P was specific and highly sensitive to detection limits of 0.04, 0.10, 0.80, 1.00, 0.08 and 0.4 fmol/well, respectively.
Statistical Analysis The area under the plasma concentration-time curve from 0 min to 240 min after administration (AUC 0-240 min ) was calculated using the trapezoidal method. Results are expressed as meanϮS.D. (pg/ml). Comparison of mean values was made by the Mann Whitney U test, and pϽ0.05 was considered statistically significant.
RESULTS
The plasma gastrin-IS level-time profile after the administration of Sho-hange-ka-bukuryo-to or a placebo is shown in Fig. 1 . Sho-hange-ka-bukuryo-to did not alter gastrin-IS levels during 40-240 min compared with the placebo group, but temporary elevation (57.4Ϯ5.6 pg/ml at 20 min) in plasma gastrin-IS levels of the placebo was significantly inhibited by Sho-hange-ka-bukuryo-to administration (26.3Ϯ 21.8 pg/ml). The plasma somatostatin-IS level-time profile in Shohange-ka-bukuryo-to or in the placebo is shown in Fig. 2 . Sho-hange-ka-bukuryo-to caused significant increases in somatostatin-IS at 60 and 90 min (16.5Ϯ4.5 pg/ml at 60 min, Fig. 2 . Effect of Sho-hange-ka-bukuryo-to (᭹) or Placebo (᭺) on Plasma Somatostatin-IS Levels 13.6Ϯ1.2 pg/ml at 90 min) compared with the placebo group (9.8Ϯ2.1 pg/ml at 60 min, 9.5Ϯ2.3 pg/ml at 90 min). The plasma CGRP-IS level-time profile of Sho-hange-kabukuryo-to or the placebo is shown in Fig. 3 . Sho-hange-kabukuryo-to caused significant increases in CGRP-IS at 40-90 min (53.5Ϯ12.6 pg/ml at 40 min, 52.2Ϯ19.6 pg/ml at 60 min, 48.9Ϯ22.9 pg/ml at 90 min) compared with the placebo group (14.9Ϯ1.9 pg/ml at 40 min, 17.0Ϯ6.6 pg/ml at 60 min, 23.0Ϯ11.8 pg/ml at 90 min).
The plasma substance P-IS level-time profile of Shohange-ka-bukuryo-to or the placebo is shown in Fig. 4 . Shohange-ka-bukuryo-to caused significant increases in substance P-IS at 60-120 min (78.6Ϯ29.9 pg/ml at 60 min, 83.9Ϯ25.8 pg/ml at 90 min, 85.9Ϯ21.1 pg/ml at 120 min) compared with the placebo group (44.8Ϯ9.4 pg/ml at 60 min, 48.8Ϯ10.7 pg/ml at 90 min, 39.8Ϯ14.7 pg/ml at 120 min).
Sho-hange-ka-bukuryo-to had no significant effect on plasma motilin-or VIP-IS (Figs. 5, 6 ). The changes in plasma motilin-IS levels of both groups might reflect the effect of periodic rhythms. Plasma VIP-IS levels in both groups remained in a low range (average, about 7.5 pg/ml) before and after administration. Table 1 shows the AUC 0-240 min of gastrointestinal peptides after the administration of Sho-hange-ka-bukuryo-to or the placebo. The administration of Sho-hange-ka-bukuryo-to caused a significant increase in the AUC 0-240 min of substance P-and CGRP-IS.
DISCUSSIONS
Sho-hange-ka-bukuryo-to is used to treat hyperemesis of pregnancy. The mechanism of hyperemesis of pregnancy is not clear, but is assumed to be related to plasma levels of estrogen or human chorionic gonadotropin, that secreted by the embryo. 21) We subjected male volunteers to this study, but considering that the mechanism of hyperemesis of pregnancy is also caused by stimulation of the vomiting center, the same as general nausea, our protocol was thought to be appropriate.
Gastrin, a 17-amino acid residue polypeptide, stimulates gastric acid secretion. This peptide is associated with a mechanism of gastrointestinal motility involving the cholinergic nervous system. 22) In Fig. 1 , the temporary elevation of gastrin-IS levels of the placebo (20 min) might be caused by the stimulation of gastric mucosa G cells. After administration of Sho-hange-ka-bukuryo-to, the temporary elevation was inhibited. Other Kampo medicines related to this Kampo medicine (i.e. Hange-shashin-to and Rikkunshi-to) increase or do not alter gastrin-IS levels. 4, 5) These effects might be due to their herbs other than Pinelliae Tuber, Zingiberis Rhizoma and Hoelen, for example Aurantii Nobilis Pericarpium, which promotes of gastric acid secretion, 23) or Zizyphi Fructus, which is used as a stomachic and digestant. Somatostatin, a 14-amino acid residue polypeptide, inhibits the secretion of other hormones, including gastrin, insulin and motilin. 24) In the gastrointestinal tract, gastric acid and pepsin secretion and gastric emptying are inhibited by somatostatin. 25, 26) Somatostatin, which is widely distributed in the gastrointestinal tract, participates in the control of gut motility by exerting both inhibitory and stimulating influences. In other words, in the interdigestive state, somatostatin induces phase-3 activities, [27] [28] [29] [30] and in the digestive state it inhibits gastric emptying 31) and slows gastrointestinal transit. 32) Somatostatin is the first of the gut regulatory peptides to have a significant therapeutic use. To date most clinical experience with somatostatin has been with one analogue, octreotide. 33) This analogue has a longer half-life than somatostatin, and has stimulated migrating motor complex (MMC)-like activity in the small intestine. 34) In patients with nausea or vomiting, and suffering from gastrointestinal obstruction caused by advanced cancer, the administration of octreotide, which was originally used in the treatment of gastro-entero-pancreatic endocrine tumor, improves abdominal symptoms. This peptide pharmaceutical may be useful for the treatment of intestinal dysmotility. 35) Some of these effects of peptides might correspond with experiential gastrointestinal actions of Sho-hange-ka-bukuryo-to. On gastric motility, the other Kampo medicines related to Sho-hangeka-bukuryo-to (Rikkunshi-to and Hange-shashin-to, etc.) raised somatostatin-or motilin-IS. 2, 4, 5, 11) Compared with the herb contents of those Kampo medicines, Ginseng Radix and Aurantii Nobilis Pericarpium might be closely related to the gastric motility.
CGRP is a powerful vasoactive substance which is released from the sensory afferent nerve endings against gastric mucosal injury (caused by acid and the other noxious chemicals such as capsaicin, ethanol, etc.) in the stomach. 6, 36, 37) CGRP increases gastric mucosal blood flow as a gastroprotective factor. 38, 39) In this study, because Sho-hangeka-bukuryo-to raised plasma CGRP-IS levels, Sho-hange-kabukuryo-to might directly stimulate CGRP-containing nerves, or indirectly secrete CGRP accompanied by the stimulation of other secretion cells and some mechanisms.
Substance P, tachykinins, coexists with CGRP in the sensory afferent neurons of the gastrointestinal mucosa, and is released with acetylcholine in response to depolarizing stimuli in the enteric nervous system. 40, 41) Substance P causes direct contractions of the circular muscle in most regions of the mammalian intestine, stimulates small intestine motility and controls human small intestinal motility. 42) This peptide influences the rate of gastric emptying, too. 43) The intestine of humans is capable of organized propulsion of intraluminal contents. Propulsion of chyme or feces along the gut depends on the enteric nervous system, which coordinates slow wave activity, and on associated contractions and relaxation of the muscle layers. This coordinated propulsive activity is called peristalsis. Somatostatin and VIP are considered to relate to relaxation, whereas substance P is considered to relate to contractions and CGRP is considered to regulate both of them. 44) In this study, somatostatin-, CGRP-and substance P-IS levels were increased. Thus, Shohange-ka-bukuryo-to might promote the law of the intestine.
Of the herbs contained in Sho-hange-ka-bukuryo-to, Pinelliae Tuber, which includes many components (fatty acids, b-sitosterol, phenols, alkaloids and amino acids etc.), is known to have not only antiemetic effects 45) but also an emetic effect. 46) But the mixture of Pinelliae Tuber and Zingiberis rhizoma has only antiemetic effects. 47) Furthermore, Pinelliae Tuber promotes intestine motility, has an antiulcer effect and inhibits gastric acid secretion. [48] [49] [50] Zingiberis rhizoma might have an effect on neuropeptides. This herb contains 6-gingerol and 6-shogaol as the main bioactive compound, both of which have vanilloid structures. Capsaicin, a vanilloid receptor agonist, stimulates capsaicinsensitive afferent neurons, which release CGRP from their nerve endings. 13, [51] [52] [53] In previous reports, Zingiberis rhizoma extracts and 6-shogaol increased intestinal blood flow. 54) Furthermore, laftidine, a histamine H 2 receptor antagonist which has a gastroprotective effect via the capsaicinsensitive afferent nerve, 55) changed the levels of CGRP in human plasma. 56) In this study, Sho-hange-ka-bukuryo-to also raised plasma CGRP-and substance P-IS levels. We hypothesized that Sho-hange-ka-bukuryo-to might directly or indirectly increase gastric blood flow via stimulating capsaicin-sensitive afferent nerves or another pathway; as a result, it shows gastroprotective action. On the antiemesis effects of Zingiberis rhizoma, there are reports that acetone extracts of Zingiberis rhizoma were as effective on emesis as a side effect of anticancer drugs as ondansetron, a 5-HT 3 antagonist. 57, 58) Hoelen, 90% of which is a polyglucans named pachyman, also has an antiemetic effect against copper.
59) The effect is caused by triterpenes (eburicoic acid, tumulosic acid and pachymic acid, etc.).
In conclusion, Sho-hange-ka-bukuryo-to, a Kampo medicine used to treat acute or chronic nausea and vomiting, raised plasma somatostatin-, CGRP-and substance P-IS levels and inhibited gastrin-IS levels. We hypothesized that the pharmacological effects of the drug might be closely related to these hormones and effectively accelerates the rate of gastric emptying.
